While several studies showed that CRM should not be used as a prognostic factor in rectal cancer, 4, 5 other studies demonstrated the importance of CRM as an independent prognostic factor of local recurrence and long-term survival, [6] [7] [8] [9] including the first report by Quirke et al 10 suggesting
that CRM might be a strong predictor of long-term oncologic outcomes. According to the European Society for Medical Oncology (ESMO) Clinical Practice Guidelines for rectal cancer, CRM is defined as involved if it is ≤1 mm from the tumor-free margin, leading to an increased risk of local recurrence, distant metastases, and poorer survival.
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Many studies considered CRM as positive when it was ≤1 mm (R1) and associated with obviously poor prognosis as compared to CRM >1 mm (R0), which was in accordance with the ESMO guidelines. 6, 8, [12] [13] [14] [15] [16] [17] The criterion to define a positive CRM remains unclear. However, some researchers believed that CRM within 2 mm was associated with a negative prognosis. [18] [19] [20] [21] [22] In addition, Kelly et al 1 argued that a CRM clearance >5 mm should be achieved to optimize curative treatment. Recently, Beaufrère et al 23 found that the prognosis after rectal cancer surgery was worse with a CRM ≤0.4 mm. Given that the aforementioned studies had a relatively small sample size, the Surveillance, Epidemiology, and End Results (SEER) program conducted a large population-based study to analyze the prognostic ability of CRM distance in rectal cancer.
| PATIENTS AND METHODS

| CRM in SEER database
The SEER database is an authoritative source of information on the most recent cancer incidence, mortality, prevalence, and lifetime risk statistics in the United States. It is a comprehensive source of population-based information including all newly diagnosed cancer cases among people residing in SEER-participating areas and covering approximately 28% of the US population.
The CRMs in SEER database are, expressed as the nearest tenth in millimeters (mm), the distance between the leading edge of the tumor and the nearest edge of surgically dissected margin, as recorded in the pathology report according to The American Joint Committee on Cancer (AJCC) Seventh Edition Cancer Staging Manual: the CRM is the surgically dissected nonperitonealized surface of the specimen.
| Study design
Using the SEER-Stat software (SEER*Stat 8.3.4), patients diagnosed with malignant rectal cancer between 1 January 2010 and 31 December 2014, from the SEER Program of the National Cancer Institute were identified (Figure 1 ). Among these patients, patients with known CRM (eg, CS Site-Specific Factor 6, 2004, varying by Schema 000, 032, and 981) were included in the analysis. Patients with rectal cancer whose CS Site-Specific Factor 6 was 996 (means ">5 mm"; cannot be grouped in this study), with unknown seventh AJCC stage or unknown race record, were excluded. Patients were then divided into five CRM groups: 0-1 mm, 1.1-2.0 mm, 2.1-5.0 mm, 5.1-10.0 mm, and >10 mm to compare the baseline characteristics and assess cancer-specific survival (CSS). Next, patients whose CS Site-Specific Factor 6 was 000 (CRM <1 mm and <0.4 mm; unknown) were also excluded. Thus, the target population for further analysis was obtained. These patients were divided into six CRM groups: ≤0.4 mm, 0.5-1.0 mm, 1.1-2.0 mm, 2.1-5.0 mm, 5.1-10.0 mm, and >10 mm.
| Statistical analyses
Several Cox proportional hazards models were built to identify independent prognostic variables at a median survival time of 22 months (range 0-59 months). All hazard ratios (HR) were shown with 95% confidence intervals (CI). A multivariate survival analysis was performed using a Cox proportional hazards model, including all variables associated with a P value <0.2 in univariate analysis. Variables including AJCC stage, tumor size, age at diagnosis, race, gender, year of diagnosis, and grade were included in the Cox multivariate survival analysis. The TNM staging used in the present study was the seventh edition of the AJCC cancer staging system, the newest TNM staging that could be obtained from the SEER database. The primary outcome of interest was CSS. The Kaplan-Meier survival curves were used to evaluate the prognostic prediction of different factors. The log-rank tests were used to assess statistical significance. All tests were two sided, and P values <0.05 were considered statistically significant. Statistical analysis was performed using Statistic Package for Social Science (SPSS) version 22 (SPSS Inc., IL, USA).
| RESULTS
| Patient characteristics of the overall cohort
A total of 10 181 patients with rectal cancer after surgery were identified from the SEER database. The baseline demographic characteristics of the patients are summarized in Table 1 . A total of 4232 (41.6%) patients whose CRM was between 0 and 1 mm were included in the analyses. The overall cohort showed that higher AJCC stages (P < 0.001), larger tumor size (P < 0.001), black people (P < 0.001), earlier year of diagnosis (P < 0.001), and higher grades (P < 0.001) were associated with a CRM between 0 and 1 mm. Differences in other characteristics were not significant.
| R1 CRM was strongly associated with poor survival in rectal cancer
The median follow-up duration for the overall cohort was 22 months (range 0-59 months). At the end of the follow-up, 1262 (12.4%) patients died of rectal cancer.
A multivariate analysis was conducted to identify the variables independently associated with CSS in the overall cohort. The results of multivariate analyses by Cox regression are detailed in Table 2 . R1 CRM was found to be independently associated with CSS of 10 181 patients with rectal cancer and had a 99.0% increased risk of cancer-specific mortality [HR = 1.990, 95% CI = 1.613-2.454, P < 0.001, using group (1.1-2.0 mm) as a reference]. In addition, Table 2 shows that lower AJCC stages, younger age, and lower grades were independent protective factors.
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| Further analysis of R1 CRM
Patients whose CRM was not known to be <0.4 mm were excluded. Hence, 7811 patients with rectal cancer were identified for further analysis of R1 CRM. R1 CRM was further divided into group (≤0.4 mm) and group (0.5-1.0 mm).
A multivariate analysis was conducted to identify whether the CSS was different between group (≤0.4 mm) and group (0.5-1.0 mm) in this target population. The results of multivariate analyses by Cox regression are detailed in Table 3 . The difference between group (≤0.4 mm, n = 741) and group (0.5-1.0 mm, n = 576) was HR = 0.834, 95% CI 0.645-1.078, using group (≤0.4 mm) as reference, but it was not statistically significant (log-rank test, P = 0.166).
| DISCUSSION
While CRM is widely accepted as a strong independent prognostic factor of long-term oncologic survival, the criterion used to define a positive CRM remains controversial. 16 Therefore, this retrospective study was conducted to assess the influence of CRM on prognosis after rectal cancer surgery. The present study included more than 10 000 patients with rectal cancer, which greatly exceeded the number of cases in previous studies and hence the results of this study are persuasive and depict real-world scenario. 
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analyses of CSS to study CRM ≤0.4 mm R1 CRM was found to be an independent factor for poor prognosis and had 99.0% increased risk of cancer-specific mortality as compared to group (1.1-2.0 mm). This is consistent with most studies on the prognostic prediction of CRM. [6] [7] [8] [12] [13] [14] [15] [16] However, some researchers argued that CRM <2 mm was associated with a negative prognosis. [18] [19] [20] [21] [22] Given the large sample size in the present study, it was believed that 2 and 0.4 mm were not optimal cutoff values, in partial agreement with Kelly et al. In the study by Kelly et al, the multivariate analysis showed 32.4% increased cancerspecific mortality in group (>1 and ≤5 mm) as compared to group (>5 and ≤10 mm), which was similar to the result of the present study. However, there was no obvious difference in CSS between group (0-1.0 mm) and group (1.1-2.0 mm) in the present study. The treatment modalities have dramatically changed in the recent years. The introduction of newer surgical techniques (TME and laparoscopy) and neoadjuvant chemoradiotherapy have reduced the incidence of positive CRMs. Well-performed TMEs with a resection margin on the mesorectal plane showed <10% of margin positivity. 24, 25 The
European Organization for Research and Treatment of Cancer trial showed that neoadjuvant radiochemotherapy had 9% decreased margin positivity as compared to short-course radiotherapy.
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MRI is the most accurate method for preoperative diagnosis of rectal cancer and can detect tumor invasion. 27 The results of the present study suggested that neoadjuvant radiochemotherapy should be considered if the distance of tumor and the mesorectal fascia is predicted to be <1 mm by preoperative MRI in rectal cancer. While some recent studies have reported that postoperative treatment did not improve outcomes in this situation, [28] [29] [30] we hypothesize that CRM could guide postoperative treatment in combination with preoperative MRI assessment and neoadjuvant chemotherapy. [31] [32] [33] Also, the prognosis is typically better when the distance of the tumor is larger from the radial resection margin. Therefore, surgeons should try to maximize the CRM and at least 1 mm of CRM should be reached. Given the 32.4% increased cancer-specific mortality in group (>1, ≤5 mm) as compared to group (>5, ≤10 mm), 5 mm of CRM should also be considered. Whether patients with the distance between tumor and the mesorectal fascia predicted as less than 5 mm by preoperative MRI need neoadjuvant chemoradiotherapy or with CRM ≤5 mm need more intensive postoperative attention should depend on the individual situations. The present study also found that higher AJCC stages, larger tumor size, black people, earlier year of diagnosis, and higher grades were associated with a CRM between 0 and 1 mm, resulting in poor prognosis. AJCC stage, tumor size, and tumor grade are known prognostic factors in rectal cancer, adding to the evidence that CRM is strongly associated with the prognosis in rectal cancer. 34, 35 The incidence of R1
CRM is reducing every year due to the improvements in treatment. Black people are more likely to achieve R1 CRM and should receive adequate attention. This is attributed to the financial conditions and biological differences between races. This study was the largest till date and included more than 10 000 patients for the analyses of the prognostic prediction of CRM and was the first to simultaneously analyze postoperative R1 CRM and R0 CRM in depth.
This study had several limitations. First, the SEER database lacked the data on local recurrence, which is an important factor that influences the survival of rectal cancer. However, patients with an R1 CRM often die from metastatic disease before local recurrence. 7, 36 In addition, definitions of local recurrence were different in previous studies, making it difficult to examine the prognosis of different CRMs. Therefore, CSS is thought to be a more robust endpoint to assess the prognostic prediction of CRM. 37 Second, the lack of factors influencing the treatment might have affected the results to some extent. However, the large sample size could offset this influence. Further, the lack of preoperative treatment had minimal effect since CRM in the present study was measured post-operation and would have improved after preoperative treatment. The longest follow-up duration was only 59 months, not exceeding 5 years. Besides, the present analysis was solely based on retrospective data. Hence, prospective clinical studies on CRM are needed. In summary, CRM is an independent prognostic factor in rectal cancer, and surgeons should try to maximize the CRM. R1 CRM indicates a poor prognosis. Patients with rectal cancer having R1 CRM should receive more postoperative attention. Also, 5 mm of CRM should be adequately monitored and further investigated. The closest distance between the radial resection margin and the tumor tissue should be accurately measured in millimeters in preoperative MRI or pathological report, rather than simply described as "involved" or "clear." This may provide better treatment guidelines for clinicians.
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